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(57) The invention relates to a method and a detect- 
ing system for detecting the loading of a vehicle (1 ), the 
detecting system comprising at least one accelerometer 
(5) in a first position and arranged in a predefined direc- 
tion on said vehicle (1 ), in which the gravitational accel- 



eration in said predefined direction may be used as a 
reference value for the accelerometer (5). The acceler- 
ometer (5) is arranged to detect the deviation of accel- 
eration relative to said reference value, and said devia- 
tion is related to the loading of said vehicle (1). 
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Description 

Field of the Invention 

[0001] The present invention relates to a detecting 
system and a method for estimating the loading and 
height of a vehicle. 

Technical Background 

[0002] There are various types of conventional 
height-estimators for vehicles currently being used in or- 
der to improve the control of the wheel-suspension of a 
vehicle and thus the driving comfort. One estimator type, 
preferably connected between a sprung and an uns- 
prung part of a vehicle, has a hinged arm with position 
sensors. Depending on the loading of the vehicle the 
connected hinged arm of the installed estimator will as- 
sume a certain position for a given distance and the dis- 
tance detected by the prior art estimator is increased or 
decreased. This estimated distance could be used as 
input data to advanced wheel-suspension control sys- 
tems and the like. 

[0003] The position between e.g. the body and the 
wheel suspension of a vehicle, where the estimator is 
preferably placed, experiences rough conditions, espe- 
cially during driving in mud, snow, Ice etc. and also me- 
chanical wear. The height-estimating device of the 
above-described type is sensitive to these kinds of con- 
ditions due to the fact that the hinged arm cannot be fully 
protected from these conditions. This, of course, may 
affect the functionality of the hinged arm and the sen- 
sors, especially in severe conditions. 
[0004] Another issue of the above described height- 
estimating device Is that it is difficult to install and cali- 
brate the device correctly in relation to other height-es- 
timating devices of the vehicle. Not only is the position 
between the body and the wheel-suspension difficult to 
access for a mechanic during manufacturing of the ve- 
hicle, It is also difficult to maintain the precision of the 
system during use of the vehicle due to the sensitivity 
of the arm to outer influence. 

Summary of the Invention 

[0005] The object of the present invention is to provide 
a reliable system that overcomes the above issues, and 
makes it possible to provide a detecting system for es- 
timating the loading and height of a vehicle. A further 
object of the present invention is to provide an accurate 
and precise method for estimating the loading and 
height of a vehicle. 

[0006] It is still a further object to provide a detecting 
system that Is easy to install In a vehicle and can with- 
stand tough conditions. 

[0007] These and other objects are achieved by a de- 
tecting system according to claim 1 . Preferred embodi- 
ments of the invention are defined in the depending 



claims. 

[0008] According to the invention there is provided a 
detecting system for detecting the loading of a vehicle, 
wherein the detecting system comprises at least one ac- 
5 celerometer in a first position and arranged in a prede- 
fined direction on said vehicle, wherein the acceleration 
of gravity in said predefined direction may be used as a 
reference value for the accelerometer and said acceler- 
ometer is arranged to detect the deviation of accelera- 
te tion relative to said first position, 

said deviation being related to the loading of said vehi- 
cle. This system provides a load detecting system com- 
prising at least one accelerometer that is easy to install. 
The first position and direction of the accelerometer on 
is the vehicle can conveniently be established after the in- 
stallation using the acceleration of gravity as reference 
value. Further, the accelerometer does not need any 
outer movable parts and can be fitted in a cover. The 
cover is preferably adapted to a desired position on the 
20 vehicle. * 

[0009] In an embodiment of the invention the detected 
change in vertical acceleration relative to said first po- 
sition is related to an angular displacement of the accel- 
erometer from said first position, relative to a point, 
25 caused by the displacement of a vehicle due to the ac- 
tual loading. 

[0010] This arrangement provides a possibility of de- 
tecting the loading or height of a vehicle by using the 
relation of how loading affects the angle of a sprung part 

30 of the vehicle. Preferably the accelerometer is arranged 
fixedly in relation to a hub of said vehicle and the change 
in camber and/or caster is detected. In a preferred em- 
bodiment the accelerometer is installed on a shaft of a 
spindle. Depending on the type of shaft the camber 

35 readings can be taken Into account. In an alternative 
embodiment the accelerometer is arranged on a shaft 
where the caster readings are to be taken into account. 
It is understood that an accelerometer of the inventive 
load detecting system placed at every wheel of a vehicle 

40 provides a more accurate reading of the loading to which 
every wheel is exposed. 

[0011] Preferably the accelerometer is a capacitive 
accelerometer that makes it possible to detect static as 
well as dynamic loading of said vehicle. The load de- 

45 tecting system can also be used for determination of the 
dynamic camber on a vehicle tire, performed while the 
tire is moving along an actual road surface and mounted 
on an actual vehicle of the type on which the tire will be 
used, which data can then be used in order to test var- 

50 ious modifications and changes to a tire in a test facility, 
in order to arrive at the optimum tire design for a partic- 
ular vehicle. 

[0012] In a further preferred embodiment of the inven- 
tion the detecting system is connected to a system of 
55 level detectors arranged on the vehicle body. 

This arrangement makes it possible to establish how the 
vehicle is positioned relative to the normal horizontal 
plane so that e.g. the effects of a wheel on a curb or the 
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vehicle being parked on a steep slope do not lead to 
miscalculations of the load distribution of the vehicle. 
[0013] The detecting system is preferably connected 
to a control unit in order to control the springing and 
damping behaviour of said vehicle. For this purpose the 
detecting system according to a preferred embodiment 
of the invention is connected to a spring and damper 
system of said vehicle. This arrangement makes it pos- 
sible to detect the road clearance. In situations where 
the clearance is insufficient due to e.g. heavy carrying 
load or the fact that the vehicle passes an uneven spot 
on the road the spring and damper system of the vehicle 
can be activated in order to prevent damage. 
[0014] These objects and advantages are further 
achieved by the method of the present Invention for de- 
tecting the loading of a vehicle, wherein the method 
comprises the following steps: arranging at least one ac- 
celerometer in a first position and in a predefined direc- 
tion on said vehicle, using the acceleration of gravity in 
said predefined direction as a reference value for the 
accelerometer, and using said accelerometer for detect- 
ing the deviation of vertical acceleration relative to said 
first position, said deviation being related to the loading 
of said vehicle. 

[0015] In a further preferred embodiment of the 
present invention the method comprises the step of 
combining said detecting system with a system of vehi- 
cle body level detectors, for identifying a reference level 
from which the deviation depending on the actual load- 
ing of said vehicle may be identified by said detecting 
system. This method makes It possible to establish how 
the vehicle is positioned relative to the normal horizontal 
plane so that e.g. the effects of a wheel on a curb or the 
vehicle being parked on a steep slope do not lead to an 
erroneous detection of the load distribution of the vehi- 
cle by the accelerometers. 

Brief Description of the Drawings 

[0016] A currently preferred embodiment of the 
present Invention will now be described in more detail, 
with reference to the accompanying drawings. 
[001 7] Fig. 1 is an exploded perspective view of a ve- 
hicle with a loading detecting system according to a first 
embodiment of the invention. 

[0018] Fig. 2 is a schematic partial view, illustrating 
the effect of different loading on the camber, of an em- 
bodiment of the present invention. 
[001 9] Fig. 3 is an exploded perspective view of a ve- 
hicle with a loading detecting system according to a sec- 
ond embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

[0020] The embodiments of the invention, which will 
be described in the following, are related to a load esti- 
mate system for a vehicle. Refer now to Figs 1 and 2, 
in which a vehicle 1 provided with the inventive load es- 



timator is shown. The detecting system comprises one 
accelerometer 5 arranged on said vehicle 1 , in which 
the acceleration of gravity in a first position can be used 
as a reference value for the accelerometer 5. The ac- 

5 celerometer 5 is arranged fixedly in relation to a hub 3 
for detecting the deviation of vertical acceleration rela- 
tive to said first position. Said deviation is related to the 
loading of said vehicle 1 . Preferably, there is an accel- 
erometer arranged fixedly in relation to a hub 3 of every 

10 wheel 2 of said vehicle 1 . 

[0021] An accelerometer arranged stationary on 
Earth with its sensitive axis pointing vertically will give 
an output signal equivalent to one g, or 9.8 m/s 2 (32.2 
ft/s 2 ), assuming that it responds to static acceleration 

15 inputs. If this accelerometer is rotated through 90 de- 
grees and left stationary with Its sensitive axis pointing 
parallel to the surface on Earth, It will produce an output 
signal equivalent to zero g. 

[0022] In the preferred embodiment of the invention a 
20 capacitive accelerometer is used since it has the advan- 
tage of responding to both static and dynamic acceler- 
ation input. The polling frequency during driving is pref- 
erably between 400 and 500 Hz. During driving, the ver- 
tical acceleration measured by the detecting system 
25 might deviate quite a lot from g, which is why the sensi- 
tivity of the accelerometers 5 preferably decreases the 
more the acceleration deviates from one g. 
[0023] When measuring the downloading of the vehi- 
cle during standstill, the accelerometer 5 has accuracy 
30 in the range around one g where a deviation of 1 mm is 
detectable. The sampling frequency of the acceleration 
during standstill can be significantly lower than during 
driving. 

[0024] The detecting system is connected to a control 

35 unit 8, in which the collected data is processed to pro- 
vide input data to other control functions in the vehicle 
1 . One of the functions is to control the springing and 
damping behaviour of said vehicle 1 . 
[0025] The method comprises the steps of arranging 

40 at least one accelerometer 5 in a first position and in a 
predefined direction, preferably on the hub 3 of a wheel 
4 of said vehicle 1 . The gravitational acceleration in said 
predefined direction is used as a reference value for the 
accelerometer 5. If the camber Is changed due to a 

45 change in loading of the vehicle, this change is detected 
by the accelerometer as a change In .vertical accelera- 
tion relative to the reference value. 
[0026] In an alternative embodiment of the invention 
the change in vertical acceleration can be detected as 

so a change in caster or a combination of caster or camber. 
The above-described change relative to said first refer- 
ence value is caused by the displacement of the vehicle 
height due to the impact of loading preferably on the 
camber. An example of the change in camber Is given 

55 in Fig. 2. 

[0027] With reference to Fig. 3, a further preferred em- 
bodiment of the present invention is provided, where a 
system of level detectors 6 is arranged on the vehicle 
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body. Preferably there are at least three level detectors 
In order to determine a reference plane 12 of the body 
of the vehicle. This reference plane 12 is then used as 
a reference level 1 2 from which the deviation depending 
on the current loading of said vehicle is identified by said 
detecting system. 

[0028] The present invention should not be consid- 
ered limited to the above-described preferred method 
and embodiments, but rather includes all possible vari- 
ations covered by the scope defined by the appended 
claims. 

[0029] It is thus to be appreciated that the detecting 
system can be designed in many different ways using 
high-and low pass filtering techniques and various types 
of processing equipment in order to provide an appro- 
priate method to control the height, springing and damp- 
ing behaviour of the vehicle. The control unit can be e. 
g. a processing unit or a computer. 
[0030] The exact shape, size and position on the ve- 
hicle of the accelerometers can also be modified as well 
as the type of accelerometer in order to meet specific 
requirements and are in the above only given as guid- 
ance. 

[0031] The detecting system is intended for all kinds 
of vehicles such as trucks, vans, tanks etc. and is not 
limited to a car as shown in Fig. 1 . 



Claims 

1 . A detecting system for detecting the loading of a ve- 
hicle (1), 

the detecting system comprising 
at least one accelerometer (5) in a first position and 
arranged in a predefined direction on said vehicle 
(1 ), the acceleration of gravity in said predefined di- 
rection being used as a reference value for the ac- 
celerometer (5), 

and said accelerometer being arranged for detect- 
ing the deviation of vertical acceleration relative to 
said reference value, said deviation being related 
to the loading of said vehicle (1 ). 

2. A detecting system according to claim 1 , wherein 
the detected deviation in vertical acceleration rela- 
tive to said reference value is related to an angular 
displacement of the accelerometer (5) from said 
first position relative to a point, caused by the dis- 
placement of said vehicle due to the actual loading. 

3. A detecting system according to any one of the pre- 
ceding claims, wherein a said accelerometer (5) is 
arranged fixedly in relation to a hub (3) of said ve- 
hicle (1). 

4. A detecting system according to any one of the pre- 
ceding claims, wherein said accelerometer (5) is ar- 
ranged fixedly in relation to a hub (3) of each wheel 



(2) of said vehicle (1). 

5. A detecting system according to any one of the pre- 
ceding claims, wherein said detecting system is 

5 connected to a system of level detectors (6) ar- 
ranged on the vehicle body. 

6. A detecting system according to any one of the pre- 
ceding claims, wherein the accelerometer (5) is ar- 

10 ranged to detect dynamic loading of said vehicle (1 ). 

7. A detecting system according to any one of the pre- 
ceding claims, wherein the accelerometer (5) is a 
capacitive accelerometer (5). 

15 

8. A detecting system according to any one of the pre- 
ceding claims, wherein the accelerometer (5) is ar- 
ranged to detect static loading of said vehicle (1). 

20 9. a detecting system according to any one of the pre- 
ceding claims, wherein the detecting system is con- 
nected to a control unit in order to control the spring- 
ing and damping behaviour of said vehicle (1). 

25 1 o. A detecting system according to any one of the pre- 
ceding claims, wherein the detecting system is con- 
nected to a spring and damper system of said ve- 
hicle (1). 

30 1 1 . A method for detecting the loading of a vehicle (1 ), 
the method comprising the following steps: 

arranging at least one accelerometer (5) in a 
first position and in a predefined direction on 
35 said vehicle (1), 

using the acceleration of gravity in said prede- 
fined direction as a reference value for the ac- 
celerometer (6), 

and using said accelerometer (5) for detecting 
40 the deviation of vertical acceleration relative to 

said reference value, said deviation being re- 
lated to the loading of said vehicle (1 ). 

1 2. A method according to claim 1 1 , comprising the step 
45 of detecting an angular displacement of the accel- 
erometer (5) relative to said first direction caused 
by the displacement of the vehicle height due to the 
impact of loading. 

so 13. A method according to claims 11 and 12, comprising 
the step of detecting the camber of a hub (3) of said 
vehicle (1) by means of said accelerometer (5). 

14. A method according to claims 11 -13, comprising the 
55 step of detecting the camber of the hub (3) of every 
wheel (2) of said vehicle (1) by means of said ac- 
celerometer (5). 
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1 5. A method according to claims 11-14, comprising the 
step of combining said detecting system with a sys- 
tem of vehicle body level detectors (6) for identifying 
a reference level (12) from which the deviation de- 
pending on the actual loading of said vehicle (1) s 
may be identified by said detecting system. 

16. A method according to claims 11 -15, comprising the 
step of detecting dynamic loading of said vehicle (1 ) 

by means of said accelerometer (5). io 

1 7. A meth od acco rdi ng to claims 1 1 - 1 6 , comp rlsi ng the 
step of detecting static loading of said vehicle (1 ) by 
means of said accelerometer (5). 

15 

18. A method according to claims 11-17, comprising the 
step of connecting the detecting system to a control 
unit, a spring and damper system of said vehicle (1 ) 
in order to control the springing and damping be- 
haviour of said vehicle (1). 20 
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